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(54) External cavity type wavelength-tunable light source 



(57) An external cavity type wavelength-tunable 
light source including an optical amplifier on one end 
surface of which an antireflection film is coated, a dif- 
fraction grating arranged on an emission light axis of the 
optical amplifier on the side of the antireflection film and 
having wavelength selectivity, a reflector arranged on a 
reflection light axis of the diffraction grating, for reflect- 
ing a reflection light beam from the diffraction grating, 
and a wavelength tuning mechanism for tuning a wave- 
length of an lasing light beam by changing an angle of 

FIG. 1 



the reflector relative to the reflection light axis of the dif- 
fraction grating. The wavelength tuning mechanism 
includes a bimorph type piezoelectric element as a 
wavelength-tunable controlling unit for changing an 
angle of the reflector relative to the reflection light axis 
of the diffraction grating, and a wavelength-tunable driv- 
ing circuit for controlling a voltage applied to the 
bimorph type piezo- electric element to tune the wave- 
length of the lasing light beam. 
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Description 

BACKGROUND OF t he INVENTION 
1 . Field of the Invention 

[0001] The present invention relates to an external 
cavity type wavelength-tunable light source which is 
employed in the optical measuring technical field for 
example. 

2. Description of the Related Art 

[0002] As a light source which is employed in the opti- 
cal measuring technology, a small light source which 
has a wavelength stability in a single mode lasing of a 
narrow spectral linewidth and can tune a wavelencrth is 
requested. 

[0003] As a conventional external cavity type wave- 
length-tunable light source, an external cavity type 
wavelength-tunable light source, as shown in FIGS 7 
and 8. for example, has been known. 
[0004] FIG. 7 is a block diagram showing a configura- 
tional example of a conventional external cavity type 
wavelength-tunable light source. 
[0005] This external cavity type wavelength-tunable 
light source comprises an optical amplifier 1. an optical 
amplifier driving circuit 4, lenses 5. 6 and 7. an optical 
isolator 9, a diffraction grating 2. an angle adjusting 
mechanism 51. a.wavelength-tunable driving circuit 53 
a parallel moving mechanism 52. a position adjustment 
driving circuit 54 and the like. 

[0006] The optical amplifier 1 is formed of a Fabry- 
r, er °^ e semiconduct ° r 'aser (LD). An antireflection 
film (AR coat) 1a is coated on one end surface of the 
optical amplifier 1. The optical amplifier 1 emits light 
beams from both end surfaces thereof in response to an 
injection current from the optical amplifier driving circuit 

[0007] A light beam emitted from an end surface of the 
optical amplifier 1 on the antireflection film 1a side is 
converted into a collimated light beam by the lens 5 and 
then input into the diffraction grating 2. 
[0008] The diffraction grating 2 is used as a wave- 
length selecting reflector, and has a function of reflect- 
ing a light beam, which has a particular wavelength 
deeded by an incident angle, out of the collimated light 
beams being input. Also, the diffraction grating 2 and an 
end surface of the optical amplifier 1 on which the 
antireflection film 1a is not coated constitute a laser cav- 
ity. When the light beam being selected by the diffrac- 
tion grating 2 is irradiated once again into the optical 
amplifier 1, laser lasing can be generated 
[0009] The lens 6 is arranged on the emission light 
axis on the side of the optical amplifier 1 where the 
antireflection film 1a is not coated, and converts the light 
beam emitted from the end surface of the optical ampli- 
fier 1 into the collimated light beam. The emitted light 



beam being converted into the collimated light beam is 
input into the optical isolator 9. 
[0010] The optical isolator 9 is provided so as not to 
return the reflected light beam being emitted from the 

5 output fiber 8 side to the optical amplifier 1. The light 
beam being transmitted through the optical isolator 9 is 
converged by the lens 7 and then irradiated into the out- 
put fiber 8 as an output light beam. 
[0011] An optical arrangement of the optical amplifier 

10 i and the diffraction grating 2, as shown in FIG 7 is 
called a Littrow arrangement: 

[001 2] A lasing wavelength by the Littrow arrangement 
optical system can be given by 



is 



X=2xd/Mxsin(e) 



(D 



where X is a wavelength selected by the diffraction grat- 
ing 2. d is a recess interval of the diffraction grating 2 M 
is a degree of the diffracted light beam, and 0 is 'an 
so angle between a normal of the diffraction grating 2 and 
the emission light axis of the optical amplifier 1 (incident 
angle onto the diffraction grating 2). 
[0013] Then, the diffraction grating 2 can be adjusted 
to have any angle (0) with respect to the incident light 
25 axis by the angle adjusting mechanism 51. 

[0014] The diffraction grating 2 can be rotated to any 
angle by controlling the angle adjusting mechanism 51 
by using the wavelength-tunable driving circuit 53 and 
thus the wavelength (Bragg wavelength) calculated by 
so Eq.(i) can be changed arbitrarily. As a result, the wave- 
length can be tuned within a gain range of the optical 
amplifier 1 . 

[0015] In addition, the diffraction grating 2 can be 
moved by the parallel moving mechanism 52 in parallel 
35 with the incident light axis. 

[0016] The diffraction grating 2 can be moved in par- 
allel wth the light axis of the cavity by controlling the 
parallel moving mechanism 52 by virtue of the position 
adjustment driving circuit 54 to then change the lasing 
40 wavelength arbitrarily. 

[001 7] FIG. 8 shows another conf igurational example 
of a conventional external cavity type wavelength-tuna- 
ble light source. 

[0018] This external cavity type wavelength-tunable / 
45 light source comprises an optical amplifier 1 , an optical * 
amplif .er driving circuit 4. lenses 5. 6 and 7. an optir / 
isolator 9. a diffraction grating 2. a reflector 3. an angle 
adjusting mechanism 51. a wavelength-tunable drivina 
circuit 53 and the like. 
so [0019] In this case, in FIG. 8, the same parts as those 
shown in FIG. 7 are designated by the same reference 
numerals and their description will be omitted 
[0020] | An optical arrangement of the optical amplifier 
1 . the diffraction grating 2 and the reflector 3. as shown 
ss in FIG. 8, is called a Littman arrangement. 

[0021] A lasing wavelength by the Liftman arrange- 
ment optical system can be given by 
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X=d/Mx[sin(a)+ sin(p)] (2) 

where X is a wavelength selected by the diffraction grat- 
ing 2, d is a recess interval of the diffraction grating 2, M 
is a degree of the diffracted light beam, a is an angle 
between the normal of the diffraction grating 2 and the 
emission light axis of the optical amplifier 1 (incident 
angle onto the diffraction grating 2), and p is an angle 
between the normal of the diffraction grating 2 and the 
reflection light axis of the light beam reflected by the dif- 
fraction grating 2 (reflection angle from the diffraction 
grating 2). 

[0022] The diffraction grating 2 is fixed to an optical 
base platform 10 to have an incident angle a relative to 
the emission light axis of the optical amplifier 1 . 
[0023] The reflector 3 is arranged on the angle adjust- 
ing mechanism 51, and reflects again the light beam, 
which has the wavelength irradiated perpendicularly to 
the reflector 3, out of the reflected light beam from the 
diffraction grating 2 calculated by Eq.(2). onto the dif- 
fraction grating 2. 

[0024] The angle adjusting mechanism 51 changes 
the angle of the reflector 3 around a rotation center 51a 
so as to adjust the reflector 3 at any angle with respect 
to the reflection light axis from the diffraction grating 2. 
[0025] Therefore, the selected wavelength can be 
changed freely by adjusting the angle of the reflector 3 
by virtue of a driving system of the angle adjusting 
mechanism 51, so that the wavelength variation can be 
performed within a gain range of the optical amplifier 1 . 
[0026] Also, continuous wavelength variation can be 
carried out without mode hopping by optimizing the 
positions of the rotation center 51a of the angle adjust- 
ing mechanism 51 and the reflector 3. 
[0027] In the conventional external cavity type wave- 
length-tunable light sources (FIGS. 7 and 8), a rotation 
stage, a linear stage and the like are employed as the 
angle adjusting mechanism 51 and the parallel moving 
mechanism 52. 

[0028] However, according to the conventional exter- 
nal cavity type wavelength-tunable light source in which 
the rotation stage, the linear stage and the like are 
employed as the angle adjusting mechanism 51 and the 
parallel moving mechanism 52, precise change of the 
wavelength has not been able to be implemented 
because of generation of mechanical backlash. 
[0029] Further, in order to control the above mecha- 
nisms with good precision, a motor with built-in high pre- 
cision gears is needed in addition to the rotation stage 
and the linear stage. In this case, there has been such a 
problem that the wavelength tuning mechanism is 
increased in size. 

SUMMARY OF THE INVENTION 

[0030] The present invention has been made to over- 
come the above problems, and it is an object of the 
present invention to provide an external cavity type 



wavelength-tunable light source in which a wavelength 
tuning mechanism is small in size and no backlash of 
the mechanism is generated in tuning the wavelength, 
and which has good precision in tuning the wavelength. 

5 [0031 ] In order to achieve the above object, according 
to a first aspect of the invention, there is provided an 
external cavity type wavelength-tunable light source 
comprising: an optical amplifier on one end surface of 
which an antiref lection film is coated; a diffraction grat- 

w ing arranged on an emission fight axis of the optical 
amplifier on the side of the antiref lection film and having 
wavelength selectivity; a reflector arranged on a reflec- 
tion light axis of the diffraction grating, for reflecting a 
reflection light beam from the diffraction grating; and a 

is wavelength tuning mechanism for tuning a wavelength 
of an lasing light beam by changing an angle of the 
reflector relative to the reflection light axis of the diffrac- 
tion grating, wherein the wavelength tuning mechanism 
includes: fixing means at least a part of which is com- 

20 posed of an elastic body to support the reflector; dis- 
placing means for changing an angle of the reflector 
relative to the reflection light axis of the diffraction grat- 
ing by deforming the elastic body of the fixing means; 
and displacement controlling means for controlling the 

25 displacing means to adjust change in the angle of the 
reflector and to thus tune the wavelength of the lasing 
light beam. 

[0032] In the above external cavity type wavelength- 
tunable light source, the angle of the reflector relative to 

30 the reflection light axis of the diffraction grating can be 
changed by deforming the elastic body of the fixing 
means for supporting the reflector by using the displac- 
ing means under control of the displacement controlling 
means, so that the wavelength of the light beam which 

35 is input perpendicularly into the reflector from the dif- 
fraction grating, i.e., the wavelength of the lasing light 
beam is tuned. 

[0033] According to a second aspect of the invention, 
there is provided an external cavity type wavelength- 

40 tunable light source comprising: an optical amplifier on 
one end surface of which an anti reflect! on film is coated; 
a diffraction grating arranged on an emission light axis 
of the optical amplifier on the side of the antireflection 
film and having wavelength selectivity; a reflector 

45 arranged on a reflection light axis of the diffraction grat- 
ing, for reflecting a reflection light beam from the diffrac- 
tion grating; and a wavelength tuning mechanism for 
tuning a wavelength of an lasing light beam by changing 
an angle of the diffraction grating relative to the emis- 

50 sion light axis of the optical amplifier, wherein the wave- 
length tuning mechanism includes: fixing means at least 
a part of which is composed of an elastic body to sup- 
port the diffraction grating; displacing means for chang- 
ing an angle of the diffraction grating relative to the 

55 emission light axis of the optical amplifier by deforming 
the elastic body of the fixing means; and displacement 
controlling means for controlling the displacing means 
to adjust change in the angle of the diffraction grating 
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and to thus tune the wavelength of the lasing light beam. 
[0034] In the above external cavity type wavelength- 
tunable light source, the angle of the diffraction grating 
relative to the normal of the reflector can be changed by 
deforming the elastic body of the fixing means for sup- s 
porting the diffraction grating by using the displacing 
means under control of the displacement controlling 
means, so that the wavelength of the light beam which 
is input perpendicularly into the reflector from the dif- 
fraction grating, i.e., the wavelength of the lasing light 10 
beam is tuned. 

[0035] According to a third aspect of the invention, 
there is provided an external cavity type wavelength- 
tunable light source comprising: an optical amplifier on 
one end surface of which an antireflection film is coated; is 
a bandpass filter arranged on an emission light axis of 
the optical amplifier on the side of the antireflection film 
and having wavelength selectivity; a reflector arranged 
on an emission light axis of the optical amplifier, for 
reflecting a transmission light beam from the bandpass 20 
filter to the emission light axis of the optical amplifier; 
and a wavelength tuning mechanism for tuning a wave- 
length of an lasing light beam by changing an angle of 
the bandpass filter relative to the emission light axis of 
the optical amplifier, wherein the wavelength tuning 25 
mechanism includes: fixing means at least apart of 
which is composed of an elastic body to support the 
bandpass filter; displacing means for changing an angle 
of the bandpass filter relative to the emission light axis 
of the optical amplifier by deforming the elastic body of 30 
the fixing means; and displacement controlling means 
for controlling the displacing means to adjust change in 
the angle of the bandpass filter and to thus tune the 
wavelength of the lasing light beam. 
[0036] In the above external cavity type wavelength- 35 
tunable light source, the angle of the bandpass filter rel- 
ative to the emission light axis of the optical amplifier 
can be changed by deforming the elastic body of the fix- 
ing means for supporting the bandpass filter by using 
the displacing means under control of the displacement 40 
controlling means, so that the wavelength of the light 
beam which is transmitted through the bandpass filter, 
i.e., the wavelength of the lasing light beam is tuned. 



BRIEF DESCRIPTION OF THE DRAWINGS 45 
[0037] 

FIG. 1 is a block diagram showing a configuration of 

an external cavity type wavelength-tunable light so 

source according to a first embodiment to which the 

present invention is applied. 

FIG. 2 is a block diagram showing a configuration of 

an external cavity type wavelength-tunable light 

source according to a second embodiment to which ss 

the present invention is applied. 

FIG. 3 is a block diagram showing a configuration of 

an external cavity type wavelength-tunable light 



source according to a third embodiment to which 

the present invention is applied. 

FIG. 4 is a block diagram showing a configuration of 

an external cavity type wavelength -tunable light 

source according to a fourth embodiment to which 

the present invention is applied. 

FIG, 5 is a block diagram showing a configuration of 

an external cavity type wavelength-tunable light 

source according to a fifth embodiment to which the 

present invention is applied. 

FIG. 6 is a block diagram showing a configuration of 

an external cavity type wavelength-tunable light 

source according to a sixth embodiment to which 

the present invention is applied. 

FIG. 7 is a block diagram showing a configurational 

example (Littrow arrangement) of a conventional 

external cavity type wavelength-tunable light 

source. 

FIG. 8 is a block diagram showing a configurational 
example (Liftman arrangement) of another conven- 
tional external cavity type wavelength-tunable light 
source. 



DETAILED DESCRIPTION OF THE PRFFFRRFn 
. EMBODIMENTS 



[0038] Respective embodiments of an external cavity 
type wavelength-tunable light source according to the 
present invention will be described in detail with refer- 
ence to FIGS. 1 to 6 hereinafter. 

(First Embodiment) 

[0039] FIG. 1 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
source according to a first embodiment to which the 
present invention is applied. 

[0040] The external cavity type wavelength-tunable 
light source comprises an optical amplifier 1, an optical 
amplifier driving circuit 4, lenses 5, 6 and 7, an optical 
isolator 9, a diffraction grating 2, a reflector 3, a wave- 
length tuning mechanism 100A and the like. 
[0041] The optical amplifier 1 is formed of a Fabry- 
Perot type semiconductor laser (LD). An antireflection 
film (AR coat) 1a is coated on one end surface of the 
optical amplifier 1. The optical amplifier 1 is connected 
to the optical amplifier driving circuit 4, and emits light 
beams from both end surfaces thereof in response to an 
injection current from the optical amplifier driving circuit 
4. 

[0042] The lens 5 is placed on an emission light axis 
on the antireflection film 1a side of the optical amplifier 
1, and converts a light beam emitted from the end sur- 
face of the optical amplifier 1 into a collimated light 
beam. The emitted light beam converted into the colli- 
mated light beam is input into the diffraction grating 2. 
[0043] The diffraction grating 2 is fixed to an optical 
base platform 10 to have an incident angle a relative to 
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an emission light axis of the optical amplifier 1. The dif- 
fraction grating 2 can function as a wavelength selecting 
reflector, and reflects a light beam, which has a wave- 
length indicated by above Eq.(2), out of the collimated 
light beams irradiated at the incident angle a, to the 
reflector 3 side at a reflection angle p. 
[0044] The reflector 3 reflects only the light beam, 
which has the wavelength being irradiated perpendicu- 
larly onto the reflector 3, out of the reflected light beams 
from the diffraction grating 2 via the same optical path. 
The light beams which have the wavelength being irra- 
diated onto the reflector 3 at other angles are reflected 
to the diffraction grating 2 via different optical paths. 
[0045] More particularly, the light beam having the 
wavelength which input perpendicularly into the reflec- 
tor 3 and reflected therefrom is input again into the dif- 
fraction grating 2, and then is reflected to the emission 
light axis of the optical amplifier 1 at an incident angle 
equal to the above reflection angle p and a reflection 
angle equal to the above incident angle a to return to 
the optical amplifier 1. In contrast, other light beams 
except the light beam having the wavelength which 
inputs perpendicularly into the reflector 3 are reflected 
at angles different from those relative to the emission 
light axis of the optical amplifier 1, and such beans are 
never returned to the optical amplifier 1. 
[0046] The lens 6 is arranged on the emission light 
axis on the side of the optical amplifier 1 where the 
antireflection film 1 a is not coated, and converts the light 
beam emitted from the end surface of the optical ampli- 
fier 1 into the collimated light beam. The emitted light 
beam converted into the collimated light beam is input 
into the optical isolator 9. 

[0047] The optical isolator 9 is provided so as not to 
return the reflected light beam being emitted from the 
output fiber 8 side to the optical amplifier 1 . The light 
beam being transmitted through the optical isolator 9 is 
converged by the lens 7 and then irradiated into the out- 
put fiber 8 as an output light beam. 
[0048] The above optical system is the same as the 
conventional Liftman arrangement optical system. 
[0049] The wavelength tuning mechanism 100 A com- 
prises a fixing portion 12 and a holding portion 11 set 
forth as a fixing means, a wavelength-tunable control- 
ling unit (bimorph type piezo-electric element) 20A set 
forth as an elastic body of the fixing means and a dis- 
placing means, and a wavelength-tunable driving circuit 
30 set forth as a displacement controlling means. The 
wavelength tuning mechanism 100A tunes the wave- 
length of the lasing light beam by changing an angle of 
the reflector 3 relative to the reflection light axis of the 
diffraction grating 2. 

[0050] The wavelength-tunable controlling unrt 20A is 
fixed by the fixing portion 12 on the optical base plat- 
form 10 at its one end. The reflector 3 is provided to a 
free end side of the wavelength-tunable controlling unit 
20A via the holding portion 11. The wavelength-tunable 
controlling unit 20A is composed of the bimorph type 



piezo-electric element described below, for example. 
[0051] The bimorph type piezo-electric element is 
constructed by sticking two sheets of piezo-electric 
ceramics together. There are a series type in which two 

5 sheets are stuck together to direct their polarization 
directions in the same direction and a parallel type in 
which two sheets are stuck together to direct their polar- 
ization directions in the opposite directions. Normally a 
metal thin plate is put between two sheets of piezo-elec- 

io trie ceramics as a reinforcing plate. 

[0052] For example, in the bimorph type piezo-electric 
element of series type, when the same voltage is 
applied to electrodes on both surfaces of two sheets of 
piezo-electric ceramics, voltage difference between the 

is electrodes on the stuck surfaces is caused and thus the 
entire piezo-electric element is curved and transformed. 
[0053] Therefore, if the voltage is applied in the situa- 
tion that one end of the bimorph type piezo-electric ele- 
ment is fixed, for example, the piezo-electric element is 

20 curved and transformed and thus the free end side of 
the piezo-electric element is largely displaced. 
[0054] Accordingly, the wavelength -tunable controlling 
unit 20A consisting of the bimorph type piezo-electric 
element is curved and transformed according to voltage 

2s control by the wavelength -tunable driving circuit 30 to 
then change the angle of the reflector 3 relative to the 
reflection light axis of the diffraction grating 2. 
[0055] If the voltage applied to the bimorph type piezo- 
electric element is controlled by the wavelength-tunable 

30 driving circuit 30, the angle of the reflector 3 can be 
changed and thus the wavelength of the lasing light 
beam can be tuned. 

[0056] In this case, difference in the stuck direction of 
two sheets of the piezo-electric ceramics in the bimorph 

35 type piezo-electric element has no influence upon the 
configuration of the external cavity type wavelength-tun- 
able light source because merely wirings for the wave- 
length-tunable driving circuit 30, voltage applying 
direction and the like are different. 

40 [0057] As described above, according to the external 
cavity type wavelength-tunable light source of the first 
embodiment, displacement is caused in the wave- 
length-tunable controlling unit (bimorph type piezo-elec- 
tric element) 20A according to the voltage which is 

45 applied by the wavelength-tunable driving circuit 30. As 
a result, the angle of the reflector 3 which is held on the 
free end side of the bimorph type piezo-electric element 
is changed, so that the wavelength of the light beam 
which is input perpendicularly from the diffraction grat- 

so ing 2 to the reflector 3, i.e., the wavelength of the lasing 
light beam is changed. 

[0058] In other words, the wavelength of the lasing 
light beam can be tuned by controlling electrically the 
voltage which is applied to the bimorph type piezo-elec- 
ss trie element. 

[0059] Also, since the wavelength is tuned by the 
wavelength tuning mechanism 100A in which the reflec- 
tor 3 is held by the bimorph type piezo-electric element, 
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the mechanical backlash which is produced in the rota- 
tion stage or the linear stage in the conventional light 
source can be eliminated, so that it is possible to tune 
the wavelength with good reproducibility. 
[0060] Since the bimorph type piezo-electric element 
is employed in the wavelength tuning mechanism 100A. 
the configuration of the wavelength tuning mechanism 
100 A can be made very simple and small as compared 
with the conventional wavelength tuning mechanism 
which consists of the rotation stage or the linear stage. 
[0061] Further, since the bimorph type piezo-electric 
element has a small generation force but can produce a 
large value of a displacement amount such as several 
hundreds *im when the voltage is applied, change in the 
angle of the reflector 3 can be enhanced and thus a 
wide wavelength variation can be achieved. 

(Second Embodiment) 

[0062] FIG. 2 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
source according to a second embodiment to which the 
present invention is applied. 

[0063] In this case, in FIG. 2, the same parts as those 
shown in above FIG. 1 are designated by the same ref- 
erence numerals and their description will be omitted. 
[0064] In the external cavity type wavelength-tunable 
light source according to the second embodiment, a 
wavelength tuning mechanism 100B comprises a fixing 
portion 12A and a holding portion 1 1 set forth as the fix- 
ing means, a leaf spring portion 13 set forth as the elas- 
tic body of, the fixing means, a wavelength-tunable 
controlling unit (laminated type piezo-electric element) 
20 B set forth as the displacing means, a wavelength- 
tunable driving circuit 30 set forth as the displacement 
controlling means, a fixing portion 12B for fixing the 
wavelength-tunable controlling unit 20B and the like. 
[0065] Other configurations are identical to those of 
the above first embodiment. 

[0066] The leaf spring portion 1 3 is fixed by the fixing 
portion 12A on the optical base platform 10 at its one 
end. The reflector 3 is provided to a free end side of the 
leaf spring portion 13 via the holding portion 11. 
[0067] The wavelength-tunable controlling unit 20B is 
placed in the situation that one end of the wavelength- 
tunable controlling unit 20B is connected to the fixing 
portion 12B on the optical base platform 10 and the 
other end thereof is connected to the holding portion 1 1 . 
The wavelength-tunable controlling unit 20B is com- 
posed of the laminated type piezo-electric element 
described below, for example. 

[0068] The laminated type piezo-electric element is 
formed by laminating a number of piezo-electric ceramic 
elements which can produce distortion when the elec- 
tric field is applied to the piezo-electric ceramic ele- 
ments. The piezo-electric ceramic element has such a 
property that it contracts when the voltage is applied in 
the same direction as the polarized direction and it 



expands when the voltage is applied in the opposite 
direction to the polarized direction, so that physical dis- 
placement can be produced according to the applied 
voltage. The laminated type piezo-electric element has 

s a small displacement according to the applied voltage, 
but has a large generation force. The displacement 
amount can be adjusted by exchanging^with a piezo- 
electric element having the different laminated number. 
[0069] In other words, displacement can be generated 

10 in the laminated type piezo-electric element by applying 
the voltage to the laminated type piezo-electric element 
serving as the wavelength-tunable controlling unit 20B. 
Accordingly, the leaf spring portion 13 is flexed to 
change the angle of the reflector 3 which is arranged at 

is the free end side of the leaf spring portion 13. There- 
fore, the incident angle relative to the reflection light axis 
of the diffraction grating 2 is changed, so that the wave- 
length of the lasing light beam can be tuned. 
[0070] As described above, according to the external 

20 cavity type wavelength-tunable light source of the sec- 
ond embodiment, displacement is caused in the wave- 
length-tunable controlling unit (laminated type piezo- 
electric element) 20 B according to the voltage which is 
applied by the wavelength-tunable driving circuit 30. As 

25 a result, the leaf spring portion 13 is flexed and the 
angle of the reflector 3 is changed, so that the wave- 
length of the light beam which is input perpendicularly 
into the reflector 3 from the diffraction grating 2, i.e., the 
wavelength of the lasing light beam is changed. 

30 [0071] In other words, the wavelength of the lasing 
light beam can be tuned by controlling electrically the 
voltage which is applied to the laminated type piezo- 
electric element. 

[0072] Also, since the wavelength is tuned by the 
35 wavelength tuning mechanism 100B having a leaf 
spring structure in which the reflector 3 is supported by 
the leaf spring portion 13, the mechanical backlash 
which is produced in the rotation stage or the linear 
stage in the conventional light source can be eliminated, 
40 so that it is possible to tune the wavelength with good 
reproducibility. 

[0073] Since the laminated type piezo-electric ele- 
ment and the leaf spring structure are employed in the 
wavelength tuning mechanism 100B, the configuration 

45 of the wavelength tuning mechanism 1 00B can be made 
small in size and light in weight as compared with the 
conventional wavelength tuning mechanism which con- 
sists of the rotation stage or the linear stage. 
[0074] Although the example in which the laminated 

so type piezo-electric element is employed as the wave- 
length-tunable controlling unit 20B is described in the 
second embodiment, it is apparent that a motor or the 
like maybe used as the wavelength-tunable controlling 
unit 20 B. However, if the motor is used as the wave- 

55 length-tunable controlling unit 20B, a motor with built-in 
high precision gears is needed in order to control the 
above mechanisms with good precision, and there has 
been such a problem that the wavelength tuning mech- 
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anism 100B is increased in size. 
[0075] The laminated type piezo-electric element 
employed as the wavelength-tunable controlling unit 
20B may be arranged at any location if it can elastically 
deform the elastic body (leaf spring portion 13) of the 
fixing means along a predetermined direction. 

(Third Embodiment) 

[0076] FIG. 3 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
source according to a third embodiment to which the 
present invention is applied. 

[0077] In this case, in FIG. 3, the same parts as those 
shown in the above figures are designated by the same 
reference numerals and their description will be omitted. 
[0078] In the external cavity type wavelength-tunable 
light source according to the third embodiment, a wave- 
length tuning mechanism 100C changes the angle of 
the diffraction grating 2 in place of the reflector 3 to tune 
the wavelength of the lasing light beam. 
[0079] The diffraction grating 2 is arranged to have an 
incident angle a relative to an emission light axis of the 
optical amplifier 1 . Also, the diffraction grating 2 is fixed 
to one end of the wavelength-tunable controlling unit 
20 A via the holding portion 14, and the other end of the 
wavelength-tunable controlling unit 20A is fixed to the 
fixing portion 12 on the optical base platform 10. 
[0080] The reflector 3 is provided to the optical base 
platform 10 such that the reflected light beams of a par- 
ticular wavelength reflected from the diffraction grating 2 
are input perpendicularly into the reflector 3. 
[0081 ] The wavelength tuning mechanism 1 00C com- 
prises the fixing portion 12 and the holding portion 11 
set forth as the fixing means, the wavelength-tunable 
controlling unit (bimorph type piezo-electric element) 
20A set forth as the elastic body of the fixing means and 
the displacing means, and the wavelength-tunable driv- 
ing circuit 30 set forth as the displacement controlling 
means. The wavelength tuning mechanism 100C tunes 
the wavelength of the lasing light beam by changing the 
angle of the diffraction grating 2 relative to the emission 
light axis of the optical amplifier 1 . 
[0082] In the external cavity type wavelength-tunable 
light source constructed as above, the bimorph type 
piezo-electric element is curved and deformed by con- 
trolling the voltage which is applied to the bimorph type 
piezo-electric element serving as the wavelength-tuna- 
ble controlling unit 20A to change the incident angle a of 
the diffraction grating 2 being supported by the bimorph 
type piezo-electric element, so that the wavelength of 
the light beam which input perpendicularly into the 
reflector 3 can be changed. 

[0083] That is, the wavelength of the lasing light beam 
is tuned by controlling the voltage, which is applied to 
the wavelength-tunable controlling unit (bimorph type 
piezo-electric element) 20A, by using the wavelength- 
tunable driving circuit 30. 



( Fourth Embodiment) 

[0084] FIG. 4 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
5 source according to a fourth embodiment to which the 
present invention is applied. 

[0085] In this case, in FIG. 4, the same parts as those 
shown in the above figures are designated by the same 
reference numerals and their description will be omitted. 

10 [0086] In the external cavity type wavelength-tunable 
light source according to the fourth embodiment, the dif- 
fraction grating 2 is arranged to have an incident angle 
a relative to the emission light axis of the optical ampli- 
fier 1 . Also, the diffraction grating 2 is fixed to one end of 

is the leaf spring portion 1 3 via the holding portion 1 4, and 
the other end of the leaf spring portion 13 is fixed to the 
fixing portion 12A on the optical base platform 10. 
[0087] The wavelength-tunable controlling unit 20B is 
composed of the laminated type piezo-electric element. 

20 The wavelength-tunable controlling unit 20B is arranged 
such that one end of the wavelength-tunable controlling 
unit 20B is connected to the fixing portion 12B and the 
other end thereof is connected to the holding portion 14. 
[0088] A wavelength tuning mechanism 100D com- 

25 prises the fixing portion 12A and the holding portion 14 
set forth as the fixing means, the leaf spring portion 13 
set forth as the elastic body of the fixing means, the 
wavelength-tunable controlling unit (laminated type 
piezo-electric element) 20B set forth as the displacing 

30 means, the wavelength-tunable driving circuit 30 set 
forth as the displacement controlling means, the fixing 
portion 12B for fixing the wavelength-tunable controlling 
unit 20B and the like. The wavelength tuning mecha- 
nism 100D tunes the wavelength of the lasing light 

35 beam by changing the angle of the diffraction grating 2 
relative to the emission light axis of the optical amplifier 
1. 

[0089] In the external cavity type wavelength-tunable 
light source constructed as above, displacement is gen- 

40 erated in the laminated type piezo-electric element by 
controlling the voltage which is applied to the laminated 
type piezo-electric element serving as the wavelength- 
tunable controlling unit 20B to flex the leaf spring portion 
13 and to thus change the incident angle a of the dif- 

45 fraction grating 2 arranged on the free end side of the 
leaf spring portion 13, so that the wavelength of the light 
beam which input perpendicularly into the reflector 3 
can be changed. 

[0090] That is, the wavelength of the lasing tight beam 
so is tuned by controlling the voltage, which is applied to 
the wavelength-tunable controlling unit (laminated type 
piezo-electric element) 20B, by using the wavelength- 
tunable driving circuit 30. 

55 < Fifth Embodiment) 

[0091 ] FIG. 5 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
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source according to a fifth embodiment to which the 
present invention is applied. 

[0092] In this case, in FIG. 5, the same parts as those 
shown in the above figures are designated by the same 
reference numerals and their description will be omitted, s 
[0093] In the external cavity type wavelength-tunable 
light source according to the fifth embodiment, a band- 
pass filter 16 is employed instead of the diffraction grat- 
ing 2, and a wavelength tuning mechanism 100E 
changes the angle of the bandpass filter 16 to tune the 10 
wavelength of the lasing light beam. 
[0094] The bandpass filter 16 is arranged to have a 
predetermined incident angle relative to an emission 
light axis of the optical amplifier 1. Also, the bandpass 
filter 16 is fixed to one end of the wavelength-tunable 15 
controlling unit 20A via the holding portion 15, and the 
other end of the wavelength-tunable controlling unit 20A 
is fixed to the fixing portion 12 on the optical base plat- 
form 10. 

[0095] The reflector 3 is provided to the optical base 20 
platform 10 such that the light beams transmitted from 
the bandpass filter 1 6 are reflected to the emission light 
axis of the optical amplifier 1 . 

[0096] The wavelength tuning mechanism 100E com- 
prises the fixing portion 12 and the holding portion 15 25 
set forth as the fixing means, the wavelength-tunable 
controlling unit (bimorph type piezo-electric element) 
20A set forth as the elastic body of the fixing means and 
the displacing means, and the wavelength-tunable driv- 
ing circuit 30 set forth as the displacement controlling 30 
means. 

[0097] In the external cavity type wavelength-tunable 
light source constructed as above, the bimorph type 
piezo-electric element is curved and deformed by con- 
trolling the voltage which is applied to the bimorph type 35 
piezo-electric element serving as the wavelength-tuna- 
ble controlling circuit 20A, so that the angle of the band- 
pass filter 16 which is supported by the bimorph type 
piezo-electric element with respect to the emission light 
axis of the optical amplifier 1 can be changed. 40 
[0098] Since the thickness of the transmitted multi-lay- 
ered film or the cavity length is changed equivalently if 
the incident angle into the bandpass filter 16 is 
changed, a peak wavelength of the transmitted light 
beam can be changed. 45 
[0099] That is, the wavelength of the light beam which 
is transmitted through the bandpass filter 16 to return to 
the optical amplifier 1, i.e., the wavelength of the lasing 
light beam is tuned by controlling the voltage, which is 
applied to the wavelength-tunable controlling unit so 
(bimorph type piezo-electric element) 20A, by using the 
wavelength-tunable driving circuit 30. 



(Sixth Embodiment) 

[0100] FIG. 6 is a block diagram showing a configura- 
tion of an external cavity type wavelength-tunable light 
source according to a sixth embodiment to which the 
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present invention is applied. 

[0101] In this case, in FIG. 6, the same parts as those 
shown in the above figures are designated by the same 
reference numerals and their description will be omitted. 
[0102] In the external cavity type wavelength-tunable 
light source according to the sixth embodiment, the 
bandpass filter 16 is arranged to have a predetermined 
incident angle relative to the emission light axis of the 
optical amplifier 1 . Also, the bandpass filter 1 6 is fixed to 
one end of the leaf spring portion 13 via the holding por- 
tion 1 5, and the other end of the leaf spring portion 1 3 is 
fixed to the fixing portion 12A on the optical base plat- 
form 10. 

[01 03] The wavelength-tunable controlling unit 20B is 
composed of the laminated type piezo-electric element. 
The wavelength-tunable controlling unit 20B is arranged 
such that one end of the wavelength-tunable controlling 
unit 20B is connected to the fixing portion 12B and the 
other end thereof is connected to the holding portion 15. 
[0104] A wavelength tuning mechanism 100F com- 
prises the fixing portion 12A and the holding portion 15 
set forth as the fixing means, the leaf spring portion 13 
set forth as the elastic body of the fixing means, the 
wavelength-tunable controlling unit (laminated type 
piezo-electric element) 20B set forth as the displacing 
means, the wavelength-tunable driving circuit 30 set 
forth as the displacement controlling means, the fixing 
portion 1 2B for fixing the wavelength-tunable controlling 
unit 20B and the like. The wavelength tuning mecha- 
nism 1 0OF tunes the wavelength of the lasing light beam 
by changing the angle of the bandpass filter 16 relative 
to the emission light axis of the optical amplifier 1. 
[01 05] In the external cavity type wavelength-tunable 
light source constructed as above, displacement is gen- 
erated in the laminated type piezo-electric element by 
controlling the voltage which is applied to the laminated 
type piezo-electric element serving as the wavelength- 
tunable controlling unit 20B to flex the leaf spring portion 
13, so that the angle of the bandpass filter 16 which is 
placed at the free end side of the leaf spring portion 13 
with respect to the emission light axis of the optical 
amplifier 1 can be changed. 

[01 06] Since the thickness of the transmitted multi-lay- 
ered film or the cavity length is changed equivalently if 
the incident angle into the bandpass filter 16 is 
changed, the peak wavelength of the transmitted light 
beam can be changed. 

[01 071 That is, the wavelength of the light beam which 
is transmitted through the bandpass filter 16 to return to 
the optical amplifier 1, i.e., the wavelength of the lasing 
light beam is tuned by controlling the voltage, which is 
applied to the wavelength -tunable controlling unit (lami- 
nated type piezo-electric element) 20B, by using the 
wavelength-tunable driving circuit 30. 
[01 08] The semiconductor laser is exemplified as the 
optical amplifier 1 in the above embodiments, but the 
optical amplifier 1 is not limited to this. For example, a 
solid laser, a gas laser, a fiber laser or the like may be 
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employed. 

[0109] As the reflector 3, for example, a plane reflec- 
tion mirror, a dihedral mirror using a rectangular prism 
or the like may be employed. In the third embodiment, a 
corner-cube prism may be employed in addition to the s 
above. 

[01 1 0] As the bandpass filter 1 6, for example, a multi- 
layered film filter in which a multi-layered film is formed 
on an optical substrate, a Fabry-Perot etalon (FP 
etalon) or the like may be employed. 10 
[0111] According to the externa! cavity type wave- 
length-tunable light source of the present invention, the 2. 
displacement controlling means controls the displacing 
means to deform elastically the elastic body of the fixing 
means, and as a result the angle of the reflector, the dif- is 
fraction grating, or the bandpass filter, which is sup- 
ported by the fixing means, is changed relative to the 
light axis. Therefore, the wavelength of the lasing light 3. 
beam can be tuned precisely without generation of the 
mechanical backlash. 20 
[0112] The piezo-electric element is employed as the 
displacing means, then a displacement amount of the 
piezo-electric element is changed by adjusting the volt- 
age which is applied to the piezo-electric element, and 4. 
thus the angle of the reflector, the diffraction grating, or 25 
the bandpass filter, which is held by the fixing means, 
can be changed. Therefore, the wavelength of the lasing 
light beam can be tuned electrically. 
[0113] If the bimorph type piezo-electric element is 
used commonly as both the elastic body of the fixing 30 
means for supporting the reflector, the diffraction grat- 
ing, or the bandpass filter, and the displacing means, 
the configuration of the external cavity type wavelength- 
tunable light source can be reduced in size since reduc- 
tion in the number of the constituent parts and reduction 35 
in size of the constituent parts can be achieved. 

Claims 

1. An external cavity type wavelength-tunable light 40 
source comprising: 

an optical amplifier on one end surface of 

which an antireflection film is coated; 

a diffraction grating arranged on an emission 45 

light axis of the optical amplifier on the side of 

the antireflection film and having wavelength 

selectivity; 

a reflector arranged on a reflection light axis of 
the diffraction grating, for reflecting a reflection so 
light beam from the diffraction grating; and 
a wavelength tuning mechanism for tuning a 
wavelength of an lasing light beam by changing 
an angle of the reflector relative to the reflec- 
tion light axis of the diffraction grating, ss 
wherein the wavelength tuning mechanism 
includes: 

fixing means at least a part of which is com- 



posed of an elastic body to support the reflec- 
tor; 

displacing means for changing an angle of the 
reflector relative to the reflection light axis of 
the diffraction grating by deforming the elastic 
body of the fixing means; and 
displacement controlling means for controlling 
the displacing means to adjust change in the 
angle of the reflector and to thus tune the wave- 
length of the lasing light beam. 

The external cavity type wavelength-tunable light 
source according to claim 1, wherein the elastic 
body of the fixing means includes a bimorph type 
piezo-electric element which is employed com- 
monly as the displacing means. 

The external cavity type wavelength-tunable light 
source according to claim 1, wherein the elastic 
body of the fixing means includes a leaf spring, and 
the displacing means includes a laminated type 
piezo-electric element. 

An external cavity type wavelength -tunable light 
source comprising: 

an optical amplifier on one end surface of 

which an antireflection film is coated; \ 

a diffraction grating arranged on an emission £ 

light axis of the optical amplifier on the side of $ 

the antireflection film and having wavelength 

selectivity; 

a reflector arranged on a reflection light axis of f 
the diffraction grating, for reflecting a reflection "j 
light beam from the diffraction grating; and ^ 
a wavelength tuning mechanism for tuning a ^ 
wavelength of an lasing light beam by changing iS 
an angle of the diffraction grating relative to the 
emission light axis of the optical amplifier, 
wherein the wavelength tuning mechanism 
includes: 

fixing means at least a part of which is com- 
posed of an elastic body to support the diffrac- 
tion grating; 

displacing means for changing an angle of the 
diffraction grating relative to the emission light 
axis of the optical amplifier by deforming the 
elastic body of the fixing means; and 
displacement controlling means for controlling 
the displacing means to adjust change in the 
angle of the diffraction grating and to thus tune 
the wavelength of the lasing light beam. 

The external cavity type wavel ngth-tunable light 
source according to claim 4, wherein the elastic 
body of the fixing means includes a bimorph type 
piezo-electric element which is employed com- 
monly as the displacing means. 
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6. The external cavity type wavelength-tunable light 
source according to claim 4, wherein the elastic 
body of the fixing means includes a leaf spring, and 
the displacing means includes a laminated type 
piezo-electric element. 5 

7. An external cavity type wavelength-tunable light 
source comprising: 

an optical amplifier on one end surface of w 
which an antireflection film is coated; 
a bandpass filter arranged on an emission light 
axis of the optical amplifier on the side of the 
antireflection film and having wavelength selec- 
tivity; 15 
a reflector arranged on an emission light axis of 
the optical amplifier, for reflecting a transmis- 
sion light beam from the bandpass filter to the 
emission light axis of the optical amplifier; and 
a wavelength tuning mechanism for tuning a 20 
wavelength of an lasing light beam by changing 
an angle of the bandpass filter relative to the 
emission light axis of the optical amplifier, 
wherein the wavelength tuning mechanism 
includes: 2S 
fixing means at least a part of which is com- 
posed of an elastic body to support the band- 
pass filter; 

displacing means for changing an angle of the 
bandpass filter relative to the emission light 30 
axis of the optical amplifier by deforming the 
elastic body of the fixing means; and 
displacement controlling means for controlling 
the displacing means to adjust change in the 
angle of the bandpass filter and to thus tune the 35 
wavelength of the lasing light beam. 

8. The external cavity type wavelength-tunable light 
source according to claim 7, wherein the elastic 
body of the fixing means includes a bimorph type 40 
piezo-electric element which is employed com- 
monly as the displacing means. 

9. The external cavity type wavelength-tunable light 
source according to claim 7, wherein the elastic 4s 
body of the fixing means includes a leaf spring, and 

the displacing means includes a laminated type 
piezo-electric element. 

so 
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(54) External cavity type wavelength-tunable light source 



(57) An external cavity type wavelength -tunable 
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fraction grating arranged on an emission light axis of the 
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having wavelength selectivity, a reflector arranged on a 
reflection light axis of the diffraction grating, for reflect- 
ing a reflection light beam from the diffraction grating, 
and a wavelength tuning mechanism for tuning a wave- 
length of an lasing light beam by changing an angle of 



the reflector relative to the reflection light axis of the dif- 
fraction grating. The wavelength tuning mechanism 
includes a bimorph type piezo-electric element as a 
wavelength-tunable controlling unit for changing an 
angle of the reflector relative to the reflection light axis 
of the diffraction grating, and a wavelength-tunable driv- 
ing circuit for controlling a voltage applied to the 
bimorph type piezo- electric element to tune the wave- 
length of the lasing light beam. 
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